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(57) ABSTRACT 

A vehicle has an electric heating device which in operation 
reaches a temperature of more than 50° C., and includes a flat 
perforated decorative layer which is disposed on a front face 
of the heating device. Because of the perforation of the deco 
rative layer, the heating device can radiate infrared radiation 
through holes provided in the decorative layer directly into a 
passenger compartment of the vehicle. The vehicle also has a 
reflector layer which is disposed on a rear face of the heating 
device facing away from the front face and is provided in 
order to reflect infrared radiation emitted by the heating 
device in the direction of the passenger compartment. 
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VEHICLE HAVING AN ELECTRIC HEATING 
DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of PCT Interna 
tional Application No. PCT/EP2014/064275, filed Jul. 4, 
2014, which claims priority under 35 U.S.C. S 119 from Ger 
man Patent Application No. 10 2013 214548.9, filed Jul. 25, 
2013, the entire disclosures of which are herein expressly 
incorporated by reference. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

0002 The present invention relates to a vehicle having an 
electric heating device that reaches a temperature of greater 
than 50° C. during operation. 
0003. In connection with electric and hybrid vehicles, 
electrically driven heating devices for heating the passenger 
compartment are increasingly being studied. 
0004 Electric heating devices in vehicles have been 
known for many years in the form of seat heaters or steering 
wheel heaters. Seat heaters and steering wheel heaters are 
based on the principle of thermal conduction and provide 
customers with heat only for the common area of contact 
between heated surface and the customers. For purposes of 
burn protection, the temperature must not exceed about 40°C. 
It is therefore only possible to provide a small amount of heat 
output, and only the contacting body part is heated. Such 
heating devices are therefore not suitable for effectively and 
Sufficiently heating the passenger compartment, i.e., the air 
located in the passenger compartment. 
0005 Electric heating devices that are based on PTCs or 
an “electrical heating of heating water heat the air for the 
entire passenger compartment and thus heat the passengers 
through convective heat transmission. Due to the relatively 
poor convective heat transmission, a relatively high level of 
heating output is required; what is more, vehicle parts located 
on the interior of the vehicle are heated as well. 

0006. It is an object of the invention to provide a vehicle 
with an electric heating device having a Sufficiently high level 
of heat output for heating the passenger compartment, as well 
as a Sufficiently high level of safety against burns. 
0007. This and other objects are achieved by a vehicle with 
an electric heating device that reaches a temperature of 
greater than 50° C. during operation. A planar, perforated 
decorative layer is arranged on a front side of the electric 
heating device. The heating device is capable of emitting 
infrared radiation through holes provided in the decorative 
layer directly into a passenger compartment of the vehicle due 
to the porosity of the decorative layer. A reflector layer is 
arranged on arear side of the heating device facing away from 
the front side and is provided for the purpose of reflecting 
infrared radiation emitted by the heating device in the direc 
tion of the passenger compartment. 
0008. The starting point of the invention is the idea of 
using an “infrared heater for controlling the temperature of 
the passenger compartment. The term “infrared heater is to 
be understood in the following as a heating device that 
reaches a temperature in the range of between 50° C. and 120° 
C. when in operation and a temperature of at least 50° C. 
preferably greater than 70° C., when operated at full capacity. 
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0009. An infrared heater (e.g., EP2275304A1) makes use 
of the radiation principle as the mechanism of heat transmis 
sion and enables efficient heating. Here, the customer need 
neither be blown on nor come into contact with the radiator/ 
heating element. However, a design is required that prevents 
burning of the passengers in case of contact. 
0010. In the case of such high temperatures of the heating 
device, measures must be taken in order to reliably prevent 
burning of occupants of the passenger compartment. 
0011. According to the invention, a provision is made that 
the heating device is arranged "behind a planar, perforated 
decorative layer of the vehicle. e.g., behind side door panels. 
The decorative layer is thus arranged on a “front side of the 
heating device and thus prevents direct contact between a 
passenger and the heating device. 
0012. The heating device can also be embodied so as to be 
planar, e.g., as a "heating film. Due to the porosity' (optical 
permeability) of the decorative layer, the heating device can 
emit thermal radiation (infrared radiation) directly through 
the decorative layer into a passenger compartment of the 
vehicle. 
0013 To improve the heat emission into the passenger 
compartment, i.e., to minimize heat losses into the vehicle 
structure, a reflector layer can be arranged on a rear side of the 
heating device facing away from the front side of the heating 
device. The reflector layer is provided in order to reflect heat 
in the direction of the passenger compartment. 
0014. In addition, a thermal insulation layer can be pro 
vided on a rear side of the reflector layer facing away from the 
heating device in order to reduce heat losses, i.e., heat emis 
sions into a vehicle component arranged behind the heating 
device (e.g., structural parts of a vehicle door, structural parts 
of an instrument panel, etc.). 
0015. It was already mentioned that, in an infrared heating 
device integrated into a vehicle, measures must be taken in 
order to rule out danger of burning human body parts (e.g., 
hands, fingers, etc.). Tests have shown that a continuous flow 
of heat aimed into human body parts (e.g., hands, fingers, etc.) 
that is not greater than about 

W 
0.05 C 

is still just barely perceived as a pain-free heat flow. Greater 
heat flows are perceived as painful or at least unpleasant and 
must therefore be avoided. 
0016. An electric infrared heating device for a vehicle 
should therefore be designed and integrated into the vehicle 
Such that, when a decorative layer is contacted over a time 
period of more than 5 seconds, the heat flow regarded as still 
barely admissible (about 

W 
0.05 C 

) is not exceeded. When setting up the “contact protection.” 
various physical processes must be considered. 
0017. A first such process that appears to be essential is the 
“heat absorption through temperature equalization between 
decorative layer and contacting body part. If the decorative 
layer is not contacted, then a certain, relatively high “radiator 
temperature' sets in. When the decorative layer is contacted, 
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for example with a finger or hand, heat is transmitted to the 
contacting body part. A certain “temperature equilibration” 
takes place. As a result of the temperature equilibration, the 
surface temperature of the decorative layer is reduced. In 
order to prevent burns, it is important that the amount of heat 
stored in a Surface unit of the radiator, i.e., the decorative 
layer, is sufficiently small compared to the heat that can be 
stored in the corresponding skin Surface. This is a necessary 
prerequisite for maintaining the temperature on the skin 
below a “critical skin temperature' of about 40 to 45° C. 
during contact with the decorative layer. A comparison of the 
heat capacities of the heating device, of the decorative layer 
and of the body part in question yields corresponding physi 
cal requirements for the heating device and the decorative 
layer. 

0018. Another aspect that must be considered is the “heat 
transmission from the heating device to the skin of the con 
tacting body part during extended contact. During longer 
lasting contacting of the decorative layer, the dominant pro 
cess of the heat absorption into the contacting body part is the 
heat transmission from the heating device through the deco 
rative layer into the skin and, from there, to the sensory cells. 
One essential factor in this context is the thermal conductivity 
of the decorative layer. Since the heat transmission resis 
tances between the decorative layer and the skin are relatively 
small, the thermal conductivity of the decorative layer must 
not exceed a predetermined value. 
0019. The “optical permeability of the decorative layer” 
must also be considered. The heating device should be able to 
transmit as large a portion as possible of the infrared radiation 
it emits in an unhindered a manner, i.e., directly into the 
passenger compartment. The decorative layer should there 
fore not absorb too much heat output in order to ensure that 
the decorative layer does not heat up excessively. The infrared 
permeability of the decorative layer is significantly deter 
mined by the perforation ratio of the decorative layer. The 
greater the perforation ratio, the greater the infrared perme 
ability of the decorative layer. 
0020. In consideration of the abovementioned physical 
aspects, there is a measure according to the invention in the 
design of the decorative layer and the selection of the material 
of the decorative layer. The decorative layer should be 
embodied Such that its specific thermal capacity, i.e., its ther 
mal capacity per unit of Surface area, is less than or equal to 

m2. K. 

particularly less than or equal to 

0.3 
m2. K 

0021. Furthermore, it is not only the thermal capacity of 
the decorative layer that should not exceed a certain maxi 
mum value, but also its thermal conductivity. Preferably, the 
thermal conductivity of the decorative layer should be less 
than or equal to 
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W 
0.5-e. 

The thermal conductivity of the decorative layer is preferably 
even less than or equal to 

W 
0.1--. 

0022. To achieve good permeation of the radiation through 
the decorative layer, the decorative layer should have a per 
foration ratio of at least 20%. The greater the perforation 
ratio, the better the direct permeation. The perforation ratio 
could also be on the order of at least 30%, or at least 40%, of 
the surface area taken up or covered by the decorative layer, 
for example. 
0023 The decorative layer can be embodied as a “textile 
element, for example. A decorative layer that is embodied in 
the manner of a woven, weft-knitted or warp-knitted fabric or 
the like is contemplated. 
0024. As mentioned previously, the heating device can be 
embodied as a “planar heating device' (panel heater), for 
example as a heating film. A panel heater is very generally a 
relatively thin device with a large surface through which 
current flows. Due to its electrical resistance, the flow of 
current creates heat, which is used to heat the passenger 
compartment. 

0025. The heating device can be embodied as a “film' 
containing conductive components or to which conductive 
components are applied. For example, the conductive com 
ponents can be fine carbon fibers or the like. The heating film 
can consist of a material mixture that contains paper compo 
nents and electrically conductive components, such as carbon 
fibers, for example. Alternatively, the heating device can have 
a non-conductive carrier Substrate and an electrically conduc 
tive layer applied thereto, such as an electrically conductive 
layer of paint, for example. 
0026. For the purpose of protection from burns, the ther 
mal conductivity of the heating device should also not exceed 
a certain maximum limit. Tests have shown that it is advan 
tageous if the specific thermal capacity, i.e., its thermal capac 
ity per unit of Surface area, is less than or equal to 

m2. K. 

particularly less than or equal to 

m2. K 

0027. Other objects, advantages and novel features of the 
present invention will become apparent from the following 
detailed description of one or more preferred embodiments 
when considered in conjunction with the accompanying 
drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0028 FIG. 1 shows the schematic layout of an electric 
heating device according to an embodiment of the invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0029. An electric heating device according to the inven 
tion can be integrated into a vehicle door, an instrument panel, 
a vehicle roof, etc. 
0030 The core component of an electric heating device is 
an infrared radiator 1 which can be formed, for example, by 
an electrically conductive, resistive heating film. Heat is gen 
erated when electric current flows through the heating film 1. 
The heating film 1 is arranged behind a decorative layer 3 
when seen from the passenger compartment 2. 
0031. The decorative layer 3 has a relatively high optical 
transparency, and the perforation ratio of the decorative layer 
lies, for example, in the range of at least 20%, at least 30% or 
at least 40%. The decorative layer can be embodied as a 
woven, weft-knitted or warp-knitted fabric, for example. 
0032. An air gap 4 can be provided between the decorative 
layer 3 and the heating film 1. Such an air gap 4 need not 
necessarily be provided, however. In any case, the decorative 
layer 3 should be made of a material that is at least tempera 
ture-resistant enough that it is not damaged by continuous 
contact with the heating film 1. Depending on the operating 
temperature of the heating film 1, the material of the decora 
tive layer must therefore be able to withstand temperatures of 
at least 70° C. or 120° C. 

0033. A layer (IR reflector) 5 that reflects infrared radia 
tion is arranged on a rear side of the heating film 1 facing away 
from the decorative layer 3. The reflector layer 5, which can 
beformed by an aluminum foil or the like, is provided for the 
purpose of reflecting heat in the direction of the passenger 
compartment 2. This layer or film can be optimized such that 
it has a reflection coefficient that is as high as possible. 
0034. To minimize heat losses into a vehicle structure 6 
(not shown in further detail), or prevent such losses to the 
greatest possible extent, an insulation layer 7 is provided on a 
rear side of the reflector layer 5 facing away from the heating 
device 1. 

0035. When a body part, such as a finger 8, for example, is 
now pressed against the decorative layer 3, it comes to rest 
against the heating film 1. In order to ensure that no burns can 
occur during contact with the decorative layer 3, the thermal 
capacity of the decorative layer 3 by unit of surface area 
should be less than or equal to 

1 
m2. K. 

particularly less than or equal to 

0.3 
m2. K. 

0036 Alternatively or in addition, a provision should be 
made that the thermal conductivity of the decorative layer is 
less than or equal to 
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05 W. 
m. K 

preferably even less than or equal to 

0.1-Y. 
m. K. 

0037 Alternatively or in addition, a further provision 
should be made that the thermal capacity of the heating film 1 
by unit of Surface area is less than or equal to 

3 
m2. K. 

particularly less than or equal to 

K 
m2. K 

1 

0038. Insofar as individual or all of the abovementioned 
parameters are considered when setting up the “infrared 
heater, the heating film 1 can be operated without problems 
at temperatures of up to 90° C., 120° C. or possibly even at 
higher temperatures without danger of burns. 
0039. The foregoing disclosure has been set forth merely 
to illustrate the invention and is not intended to be limiting. 
Since modifications of the disclosed embodiments incorpo 
rating the spirit and Substance of the invention may occur to 
persons skilled in the art, the invention should be construed to 
include everything within the scope of the appended claims 
and equivalents thereof. 
What is claimed is: 
1. A vehicle, comprising: 
an electric heating device which, in operation, reaches a 

temperature of greater than 50° C.; 
a planar, perforated decorative layer arranged on a front 

side of the electric heating device; 
a reflector layer arranged on a rear side of the electric 

heating device, the rear side facing away from the front 
side, wherein 

the electric heating device is configured to emit infrared 
radiation through holes of the planar, perforated deco 
rative layer directly into a passenger compartment of the 
vehicle due to the porosity of the decorative layer, and 

the reflector layer is configured to reflect infrared radiation, 
emitted by the electric heating device, in a direction of 
the passenger compartment. 

2. The vehicle according to claim 1, further comprising: 
an insulation layer arranged on a rear side of the reflector 

layer, the rear side facing away from the electric heating 
device, wherein 

the insulation layer is configured to reduce heat emission 
into a vehicle compartment. 

3. The vehicle according to claim 1, wherein the decorative 
layer has a perforation ratio of at least 20%. 

4. The vehicle according to claim 1, wherein the decorative 
layer has a perforation ratio of at least 30%. 
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5. The vehicle according to claim 1, wherein the decorative 
layer has a perforation ratio of at least 40%. 

6. The vehicle according to claim 1, wherein the decorative 
layer is formed of a woven, weft-knitted, or warp-knitted 
fabric. 

7. The vehicle according to claim3, wherein the decorative 
layer is formed of a woven, weft-knitted, or warp-knitted 
fabric. 

8. The vehicle according to claim 1, wherein the decorative 
layer has a thermal capacity per unit of surface area less than 
or equal to 

K 
1 
m2. K 

9. The vehicle according to claim 1, wherein the decorative 
layer has a thermal capacity per unit of surface area less than 
or equal to 

0.3 
m2. K. 

10. The vehicle according to claim 1, wherein the decora 
tive layer has a thermal conductivity less than or equal to 

W 
0.5-. 

11. The vehicle according to claim 1, wherein the decora 
tive layer has a thermal conductivity less than or equal to 

W 
0.1 --. 
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12. The vehicle according to claim 8, wherein the decora 
tive layer has a thermal conductivity less than or equal to 

0.5 W 
m. K. 

13. The vehicle according to claim 1, wherein the electric 
heating device is a heating film. 

14. The vehicle according to claim 1, wherein the electric 
heating device includes paper and carbon fiber components. 

15. The vehicle according to claim 1, wherein the electric 
heating device comprises a carrier Substrate and an electri 
cally conductive layer. 

16. The vehicle according to claim 1, wherein the electric 
heating device has a thermal capacity per unit of Surface area 
less than or equal to 

m2. K. 

17. The vehicle according to claim 1, wherein the electric 
heating device has a thermal capacity per unit of Surface area 
less than or equal to 

m2. K. 

18. The vehicle according to claim 1, wherein the electric 
heating device is configured to reach a temperature of 70° C. 
during operation. 

19. The vehicle according to claim 1, wherein the electric 
heating device is configured to reach a temperature of 100° C. 
during operation. 

20. The vehicle according to claim 1, wherein the electric 
heating device is configured to reach a temperature of 120° C. 
during operation. 


